Abstract: Today's engineering companies are facing unprecedented competition in a global market place. There is now a knowledge intensive shift towards whole product lifecycle support, and collaborative environments. It has become particularly important to capture information, knowledge and experiences about previous design and following stages during their product lifecycle, so as to retrieve and reuse such information in new and follow-on designs activities. Recently, with the rapid development and adoption of digital technologies, annotation and markup are becoming important tools for information communication, retrieval and management. Such techniques are being increasingly applied to an array of applications and different digital items, such as text documents, 2D images and 3D models. This paper presents a state-of-the-art review of recent research in markup for engineering design, including a number of core markup languages and main markup strategies. Their applications and future utilization in engineering design, including multiviewpoint of product models, capture of information and rationale across the whole product lifecycle, integration of engineering design processes, and engineering document management, are comprehensively discussed.
according to its application domains, such as the publishing industry or in the world of computer science. In this paper, markup is regarded as a subtype of annotation and is defined as a formally structured annotation for a purpose, normally to allow some kind of manipulation of the information entity [14] . Over last two decades, many mark-up methods have been developed and these can be classified into six basic categories [15] [16] [17] :
1) Punctuational mark-up: where word, phrase, and sentence boundaries are identified by spaces, commas, full stops, and other punctuation characters inserted into the text. 2) Presentational mark-up: where the visual form of the document is specified directly.
3) Procedural mark-up: in which presentational instructions (or commands) for some particular processing system are embedded in the text. 4) Descriptive mark-up: the author identifies the element types as tokens, as often found in applications of SGML and XML, which approach documents as structured objects containing semantically interpretable parts. 5) Referential mark-up: refers to entities external to the document and is replaced by those entities during processing. 6) Meta-mark-up: provides a facility for controlling the interpretation of mark-up and for extending the vocabulary of descriptive mark-up languages (e.g. macros).
Figure 1. An example of annotation
To date, digital information has predominately been stored in different structures and formats depending on which specific software being used. However, it is normal that such information needs to be translated into different formats (e.g. Microsoft word format, HTML, PDF) for purposes such as presentation and accessibility in different contexts. A typical example is graphs of experimental results embedded in Microsoft Word document. Such traditional methods succeed in visualization of graphs, but fail by missing other information, like how the results were produced and the raw data which they represent. In terms of solving this issue, descriptive markup is able to show potential benefits. Firstly, the descriptive markup allows users to focus on both the structure and content of document so it has greater portability. Secondly, descriptive markup separates how data is stored and how it is used and therefore can potentially provide any additional information required when transforming the object to different formats for the different purposes or when to be re-processed or re-organized for different applications and uses.
To allow markup to be implemented and to serve applications in engineering design, it is essential to have adequate understanding of markup languages and strategies. These will be discussed in the next two sections.
Markup languages
The classes of markup methods usually co-occur in practice, though many markup languages are initially designed to support a specific markup method. For examples, the eXtensible Markup Language (XML) is explicitly developed for descriptive markup, but it can also be extended to support referential and meta-markup; and the HyperText Markup Language (HTML) includes both procedural and descriptive markup elements. Thus, this section will review markup languages based on their application purposes, not the markup classes: firstly, languages for text markup; secondly, markup languages for graphics and images; and finally, markup languages for web applications (to support virtual, collaborative design environment in particular).
Markup languages for text documents
A mark-up language is a formalised way of providing markups [18] . There are dozens or maybe hundreds of mark-up languages in use today. The first structured markup language is IBM's Generalized Mark-up Language (GML) [19] . Based on the GML, the Standard Generalized Mark-up Language (SGML) was developed in the 1970s and became an international standard in 1986. SGML is not a language per se but rather a meta-language -a rule set or toolkit for developing markup languages, such as HTML. HTML allows the markup of electronic documents for manipulation with regard to formatting and presentation, but the presentation specialisation makes HTML documents difficult to be processed for other purposes. To overcome the limitations of HTML, XML was created. Different from HTML, XML allows users to define their own tags (i.e., the labels that are embedded within text to distinguish individual/groups elements for display or identification purposes) based on the specific needs of a document, and therefore it is extensible. Further, as XML tag names are normally transferred from the meaning of the data and therefore they are readable. Each XML tag immediately precedes the associated data, which makes the data structure easily understandable by both humans and computers. In addition, one of most important powers of XML lies in the separation of specifications of valid tags; valid structure for data contained in elements; the valid type of data that each element may contain and what manipulations should be applied to elements identified by the tag, the information and its presentation. This offers the possibility to manipulate XML-based documents in multiple ways based on their markup. Thus, XML has become one of the most common computerinterpretable markup languages and been widely employed and implemented in engineering design.
Further work in this stream are the many modifications and versions of mark-up languages based on XML which have been developed for different engineering scenarios. For example, DML (Dimensional Mark-up Language) was discussed for closed-loop CAPP/CAM/CNC process chain based on STEP and STEP-NC [20] . To provide designers with a product data exchange standard and support product lifecycle management, Lee et al. proposed a Product Information Mark-up Language (PIML) [21] . A framework of XRML (eXtensible Rule Mark-up Language) developed by Kang and Lee allows the identification of rules on Web pages and extracts the identified rules automatically from Web pages to maintain consistency of text and table information [22] . In [23] , a Motion Capture Markup Language (MCML) was proposed. The purpose of the MCML is not only to facilitate the conversion or integration of different formats, but also to allow for greater reusability of motion capture data, through the construction of a motion database storing the MCML documents.
Markup languages for graphics and images
With the increasing requirements of retrieval of images and graphics, there are a number of markup languages specific to graphics which have been introduced. Firstly, SVG [24] , Scalable Vector Graphics, is a novel XML-based language for describing two-dimensional graphics at the level of graphical objects rather than individual points. SVG is now a W3C (World Wide Web Consortium) [25] standard. SVG is becoming increasingly popular due to its inherent advantages over raster image formats. SVG can work with three types of graphical objects: vectorial graphical shapes (such as lines and primitive shapes), text and images (equivalent to raster image retrieval). The creation of SVG was attributed from other two XML applications for encoding vector information. They are VML (Vector Markup Language) [26] and PGML (Precision Graphics Mark-up Language) [27] . VML defines a format for vector information together with additional markup to describe how that information may be displayed and edited, and is currently used by Google Maps for rendering vectors when running on IE 5.5 or late. On the other hand, PGML is designed to meet precision needs of graphics artists besides simple vector graphics needs of casual users. Both VML and PGML were submitted to W3C as proposed standards in 1998, but failed, and then joined and improved upon to create SVG. X3D (eXtensible 3D) [28] , the successor to VRML (Virtual Reality Modelling Language) [29] , was introduced for real-time three-dimensional computer graphics and is now an ISO standard. X3D features many extensions to VRML such as Humanoid Animation, NURBS and GeoVRML, the ability to encode the scene using XML syntax as well as the Open Inventor-like syntax of VRML97, and enhanced application programmer interfaces (APIs). In recent years, SVG and X3D have been utilised in engineering domain such as design and manufacturing systems, especially for representation of product models and provision with complex engineering data for applications such as CAD/CAPP/CAM [30] . Commercial industry has recently also developed some XML-based format for lightweight 3D model. For examples, 3D XML enables users to access and share accurate 3D data quickly and easily [31] through a sophisticated 3D graphics compaction algorithm based on NURBS surface mathematics. PLM XML [32] , an XML-based PLM format, is created and supported by UGS. The objective of PLM XML is to integrate collaborative product lifecycle processes by offering a standardised protocol for data interoperability.
Markup languages for web applications
Another important development of markup languages is for applications on web services, such as resource description, ontologies, interoperability standards and so on. For examples, the Resource Description Framework (RDF) [33] , the Web Ontology Language (OWL), Commerce XML (cXML), SOAP (Simple Object Access Protocol), WSDL (Web Service Description Language), and XML-RPC (Remote Procedure Calls) are the key contributors. RDF integrates a variety of applications from library catalogues and world-wide directories for the syndication and aggregation of news, software, and content to personal collections of music, photos, and events using XML as an interchange syntax [33] . As a lightweight ontology system, the RDF specifications support the exchange of knowledge on the Web. The OWL [34] is designed for use when the information contained in documents needs to be processed by applications, as opposed to situations where the information only needs to be presented to humans. As implied in its name, OWL can be used to explicitly represent "ontology", which consists of the meaning of terms in vocabularies and the relationships between those terms. cXML [35] is a well-defined, robust language designed for consistent communication of business documents between procurement applications, e-commerce hubs and suppliers. cXML is defined by a set of lightweight XML DTDs and its transactions consist of documents, which are simple text files containing values enclosed by predefined tags. SOAP defines the XML-based message format that Web service-enabled applications use to communicate and interoperate with each other over theWeb [36] . Based on SOAP, WDSL is a collection of metadata about XML-based services used to specify the procedures to discover functional and technical information about Web services over the Web [37] . XML-RPC is a remote procedure call protocol that uses XML to encode its calls and HTTP (Hypertext Transfer Protocol) as a transfer mechanism [38] . These XML-based standards enable applications to call functions from other applications, running on any hardware platform regardless of operating systems or programming languages, and have started finding their positions to play a central role in building and integrating enterprise applications. For instance, Umar discusses the application of SOAP, WSDL together with UDDI (Universal Description, Discovery and Integration) to enterprise boundaries business-to-business (B2B) trade and outsourcing through application service providers (ASPs) [39] . Comparatively, Bussler argues that the traditional Web service triplets SOAP, WSDL and UDDI allow enterprise application integration and B2B integration only possible at syntactic level, and therefore advocates using XML-RPC to enable semantic level integration [40] . Table 1 summarizes the core markup languages. 
Mark-up strategy
The conventional method of markup of a document is 'in-line' with the text of the documents -i.e. text markup labels merged into a text document. From a computer system's point of view, the markups change a document from a long sequence of strings to a block of information with semantic meaning. The 'in-line' markup method is easily accomplished using a text editor or a simple scripting language, and therefore it has become one of the most commonly used methods. However, there are some disadvantages of the 'in-line' markup method. For example, as the method inserts markup directly into the text of the document, it actually changes the document. As the markup labels are embedded in the document, it is difficult to place multiple independent sets of markup in the same document without them interfering with each other.
To overcome this, an alternative method called 'stand-off' markup [41, 42] is introduced. Different from 'in-line' markup, the content in the 'stand-off' markup is stored in separate external documents utilizing a system of references or pointers to which element the markup refers. The work of Ding et al. [14] , Davies and McMahon [43] and Alink [44] , has shown that the 'stand-off' markup method has many advantages over "in-line" markup, including:
• It allows original digital object (i.e. including both documents and various digital model)
progressively to expand to include extra information (e.g. semantic context and rationale behind) and metadata without changing the representation method used for the original object. Thus, it provides a good tool to support the continuous update of information throughout a product lifecycle.
• Many layers of markup can be associated with the same object, allowing different viewpoints to be associated with, both concurrent viewpoints (e.g. cooperators or partners during the design phase) and successive (e.g. technology requirements from machining engineers or maintenance information from in-service phase). That is, with 'stand-off' markup, information from various viewpoints with different structures or formats can be carried, while the original object itself however, remains 'light' and can be passed with only the information necessary for a specific user or purpose.
• The information pertaining to one viewpoint can be put in a separate markup file; and multiple independent markup files can be safely applied to the same object. Thus, it allows context-specific information to be manipulated into different viewpoints, freely tailored to a reduced version for reasons of security/IP (Intellectual Property) and the requirements of different target users, and re-organized for various purposes and applications. The major disadvantage of 'stand-off' markup is how to implement it, specifically how to get robust, persistent references back to the object and how to link from the object to the markup? Table 2 summarizes advantages and disadvantages of the two strategies. Although more work is needed on its implementation, comparing to 'in-line' markup, the application of the 'stand-off' markup has shown more great potential in engineering design, particularly on the trend to management of product information throughout its lifecycle. In general, product information encompasses a vast heterogeneous range of information, required and produced by many different individuals and groups who interact with the product throughout its lifecycle. Each of these actors requires different subsets of the product information and different structuring of the information. In addition, 3D digital product models (i.e. CAD models) have already dominated in industry design. The structure of CAD models (e.g. B-rep) is designed for representing 3D geometrical information, but has only limited capabilities for storing markups natively. Meanwhile, a number of geometrical representation methods make it uneconomical or even impossible to insert various types of markups using the 'in-line' method. The 'stand-off' approach, however, allows markup information to be stored in separate documents and linked back to the model using references or pointers, and therefore it actually extends the product models to additional engineering and non-engineering information not currently supported by the established formats. This will be further discussed in the next section. Figure 2 shows the comparison of 'in-line' and 'stand-off' markup methods. In practice, markup is usually done manually, semi-automatically or automatically according to how much human effort is involved. Manual mark-up is the most popular, most accurate (with human interpretation) but most labour-intensive. Automatic mark-up reduces manual intervention and gives a more integral representation of the documents.
There are limited publications which are concerned with automatic and hybrid mark-up. For example [45] [46] [47] , explored automatic mark-up with different methods and targeting on different types of documents. In [45] , the authors reported on the design and implementation of a system which automates the process of capturing structured documents from the optically recognised form of printed materials to elements like words, sentences, title, authors, etc. but not for logical content elements. A novel system that can automatically markup text documents into XML is discussed in [46] . The system uses a self-organising map (SOM) algorithm and inductive learning algorithm. Experiments were carried out with business letters. The system can extract elements like address, date, salutation, paragraph and closing, etc. This system is adaptive in nature and learns from errors to improve markup accuracy. Cui discussed an automatic mark-up system which is based on machine learning methods and enhanced by machine learned domain rules and conventions [47] . The work is concentrating on taxonomic descriptions of plants (flora). Although machine learning systems are state of the art, especially for simple tagging problems, knowledge-based systems (mostly rule-based) have traditionally been the top performers in most information extraction benchmarks, and still retain some advantages. Feldman, Rosenfeld and Fresko propose a hybrid semantic tagging approach, which combines the power of knowledge-based and statistical machine learning [48] . The rules for the extraction grammar are written manually, while the probabilities are trained from an annotated corpus. The experiments show that the hybrid approach outperforms both purely statistical and purely knowledge-based systems. Vargas-Vera et al. present an annotation tool that provides both automated and semi-automated support for marking up Web pages with semantic contents [49] .
Applications of markup in Engineering Design
Effective and efficient engineering design processes are always crucial in determining the capabilities, costs and other attributes of artefacts. With rapid globalisation and technological innovation, engineering design is being expanded to an intensive-knowledge and global involvement process. Recently, digital markup has played a more and more important role in product development due to its various advantages, such as capabilities of representation of weakly structured information, support of multi-viewpoint visualisation. In this section, the main achievements of employing markup in supporting engineering design process are reviewed.
Markup for information management and retrieval
As engineering companies move to digital strategies, such as digital representations for geometrical product (i.e. CAD models), experimental data (e.g. spreadsheet) and design report (e.g. word processor), the effective retrieval of the information becomes a key issue. Information retrieval is one of the earliest domains that has widely employed markup, especially in document management. For examples, Kim and Compton [50] proposed a Web-based document management and retrieval system supported by annotation techniques. The proposed method allows users to freely annotate their documents and to find appropriate annotations for new documents. Based on these annotations, any relevant documents can be easily organised and retrieved using the concept lattice of formal concept analysis (FCA). Soo et al. [51] established a framework for facilitating image retrieval based on a sharable domain ontology and thesaurus. In the proposed framework, the documents to be retrieved are annotated with semantic tags that are defined and derived from a set of domain concepts or schemes called domain ontology and thesaurus. The annotations could be converted with user queries into semantic web RDF format with the aid of a sharable domain ontology and thesaurus. Finally, the information can be retrieved at an abstract and "semantic" level, rather than the purely syntactic keyword matching level. The shared ontology is also used in the method proposed by Gardoni [52] , and Frank and Gardoni [53] , called ANnotation tool for Industrial TeAms (ANITA). The ANITA uses the shared ontology to index documents and parts of documents through manual annotation. Based on these annotations, the system is able to manipulate and explore written information content for groups of researchers with similar research interests. In addition, authors also clarify that the system is able to support distributed and asynchronous bibliographical work, through structural tracked annotation. As the annotation is not considered as 100% validated and because there is no review process, the system allows users to express more freely (doubts, astonishments, etc.), and therefore, this tracked indexation and annotation could become a way of detecting partially tacit knowledge during an ongoing project and of supporting elaboration of new research results by easing artefact juxtaposition and, as a result, the combination of scientific concepts. Kiryakov et al. [54] presented a system called KIM that allows ontology-based named-entity annotation, indexing, and retrieval. There are two characteristics of the proposed method: 1) introduction of a simplistic upper-level ontology to assure efficiency and reusability of metadata; and 2) utility of 'stand-off' method for dynamic, user-specific semantic annotation. Other work such as that carried out by Hignette et al. [55] is also worth mentioning, as it focuses on data tables in the documents. This is a semi-automatic acquisition tool, called @WEB, which aims to retrieve scientific documents from the Web. Based on the proposed annotation algorithm, the method allows to annotate the columns of the data tables automatically with data types of the ontology, and to recognise the relations represented by the table. These annotated tables are able to be queried.
3D annotation and markup in engineering design
With the wider applications of 3D models in industry, 3D annotations and markups appeared and are playing a more and more important role. The first exploration focuses on whether the annotations and markups can help integration of product models with information that has historically been difficult to represent unambiguously and pictorially (such as the information required for manufacturing a product -tolerances, machining processes, surface finishes), using formally specified systems of symbols normally recorded in some level of standard. The American Society of Mechanical Engineers (ASME) Y14.41 [56] issued in 2003 is one such standard. Other typical examples of early research work include: Elinson and Nau [57] , who used a graph to represent machining features, whose nodes and edges corresponding to features and its relationships of features. The nodes and edges are annotated with labels by various parameters that may be useful for classification purposes. Hoffman and Joan-Arinyo [58] proposed an architecture for a product master model federating CAD systems with downstream application processes for different feature views and especially addressed the need to make persistent associations of design information with net shape elements. With the high demands of 3D annotations, recently, CAD/CAM packages have introduced 'annotation' support. For examples, AutoCAD 2008 offers an automatically scaled annotation capability [59] ; SolidEdge V19 supports the ASME Y14.41 standards for 3D annotation [60] ; Pro/ENGINEER provides annotations of dimensions, tolerances, surface finish, etc. [61] ; NX5 allows users to create annotation manufacturing information [62] ; CATIA V5R13 supports creation of annotation like tolerance information [63] ; and annotation tools were firstly introduced in MicroStataion TriForma version 8 [64] . However, to sufficiently support engineering design process and capture the rationale behind it, a number of limitations need to be overcome:
• The 'annotation' functions provided are often limited to a single type (e.g. free-text, Uniform Resource Identifier (URI) or numerical format), they cannot satisfy the requirements of annotation schemes supporting context-specific information and multiple viewpoints.
• The content of the annotation is associated with specific product models. In other words, the annotation adopts 'inline' annotation strategy. This is easy to accomplish, but it does actually change the models, and it is only reusable for invariant topologies.
• It is difficult to place multiple independent sets of annotation in the same model, which hinders the annotation being re-organized and retrieval at later stage. Thus, an extension to existing 'annotation' functions in the commercial packages is really needed. Some researchers (e.g. [14] ) have explored the possibility of using 'stand-off'' methods on the CAD models, which means that the annotation is stored in a separate external document utilizing a system of references or pointers to indicate the element (such as a face, or a feature within a CAD model) to which the annotation refers. For example, Ding et al. [14] discussed the techniques of 'stand-off' markup on the 3D model, identified the key issue for the implementation -persistent identification of geometry, proposed an approach called LIghtweight Model with Multi-layer Annotation (LIMMA), and finally demonstrated its support for multiple viewpoints within a CAD model.
As the same annotation file can be applied to any copy of the model in any format, the annotation information can be independent from the model format and shared by various users. It is important that all users can contribute their experiences and knowledge by separate annotation rather than by editing the CAD models directly. Therefore, besides the advantages mentioned in the Section 4, the 'stand-off' method has potential in support of knowledge sharing throughout a product's lifecycle. Based on this advantages, Ding et al. [1] introduced an Extended Product Model (EPM), which extends a 3D geometrical model (i.e. conventional CAD model) by building explicit linkages between its geometry and topology and the related information. Each special element of the EPM, which could be an assembly, a part, a feature, a face, a parameter or even a tolerance, is designed to connect with seven types of linkages related to history, virtual, upgrade, constraint, rationale, resource, and performance, respectively. In combination with annotation techniques, the EPM is used for machine design and build companies on sharing in-development/in-service information by the whole organization so as to further strengthen such information organization and retrieval within PLM systems.
Fiorentino et al. [65] proposed a novel solution called tangible digital master (TaDiMa), to flexibly access to Product Lifecycle Management (PLM) database. A Digital Master is introduced as a CAD model containing two types of information: nominal geometry and product data, which the nominal geometry refers the mathematical representation of the ideal (i.e. no production faults) shape, while product datas are additional technical information such as: material, simulation constraints and boundary conditions, surface finish, tolerances, quality control, simulation parameters. Two types of annotations are included: associative annotation, semantically attached to model, and non-associative annotations located freely in the drawing with no connection to features. Although its main applications are marketing and design review, it is possible to be integrated to support PLM.
Similar to the Digital Master, various lightweight representations of product models have been developed to support information and knowledge exchange in PLM, such as PLMXML, 3D XML, X3D. A comprehensive review can be seen from Ball et al. [66] . Corresponding, there is some work that has focused on annotations on these lightweight representations. Pittarello and Faveri [67] tried to develop a general method to associate semantic information to two web standards: the X3D language and the semantic web. The approach uses scene-independent ontologies and the semantic zones that complement the role of semantic objects for giving a complete description of the environment. Ding et al. [68] proposed a strategy of integrating lightweight representations with a markup method for the whole product lifecycle. As shown in Figure 3 , users across the whole product lifecycle can update related product information and share their particular expertise through 'stand-off' annotations using the original CAD model or related lightweight representations according to their viewpoints, purpose and security levels. 
Annotation in collaborative design environment
Other important areas to use annotations are design reviews, collaborative product development and virtual environments. Schroeter et al. [69] developed a system named Vannotea system, which allows collaborating groups to discuss and annotate collections of high quality images, video, audio or 3D objects. The system provides the capabilities for authors to edit, search and browse annotation (e.g. personal remarks, interpretations, questions or references). Also, the annotations can be attached to whole files, segments or regions. In addition, the authors declared that the Vannotea system enables annotations to be attached either synchronously (using jabber message passing and audio/video conferencing) or asynchronously and stand-alone. Lenne et al. [70] proposed a solution including a 3D-annotation model and a knowledge model, to strengthen the communication and knowledge management in a collaborative virtual environment. The 3D-annotation model, which is based on three components: form, spatialization and metadata, is integrated into the collaborative virtual environment to assist users in communicating and maintaining a record of the engineering design process. The knowledge model is based on ontology to allow annotations to be indexed, further to support annotation retrieval. Hisarciklilar and Boujut [71] described an annotation model of digital design representations to improve actors' communication in an asynchronous design. The proposed annotation model combines with speech act theory (SAT), which proposes a clear distinction between various levels of communication (namely locutionary, illocutionary and perlocutionary), so as to enhance the design communication through the elicitation of knowledge related to the context of design. A demonstration has been developed by authors based on a lightweight 3D representation -VRML.
Recent research direction
More recently researchers have started to look at whether annotations can be directly involve with design methodologies, like design optimizations, various Computer Aided Engineering (CAE) functions, conceptual design and product redesign. Matthews et al. [72] presents a supportive approach which allows the designer to annotate the initial CAD drawn models with the design constraints. These constraints are then maintained with the model as it evolves, this presents the opportunity to handle (optimize) the constraints when the design activity requires. Furthermore, the evolving design constraints are saved, which allow the designer to capture design history and further reuse previous design.
Vucinic et al. [73] explored to build multidisciplinary engineering environments through use of ontologies, the semantic metadata descriptors. The main objectives of the proposed method are integration of heterogeneous data sources, and enhancement of the end-users interactions with the engineering content. A prototype has been developed using XML-based software technologies, such as X3D and OWL. The proposed method is demonstrated by the combination use of FEM (Finite Element Method) and CFD (Computational Fluid Dynamics) solvers in a complex multi-physics problem FSI (Fluid Structure Interaction). Table 3 summarises the work on applications in engineering. 
Summary and discussion
Digital annotation has developed rapidly during the last two decades. Nowadays, annotation has been widely used in different digital items, including text documents, structured data (e.g. databases and tables), 2D images, 3D models and multimedia (e.g. video and audio). This paper has presented a contemporary review of the latest research into the area of annotation and its subtype, markup related to engineering design. It has shown that:
1) Annotation and markup have shown their advantages in various applications. XML, as one of most common markup languages, has been widely applied due to its characteristics, especially its extensibility, representation of semi-structure information, and support of reorganisation and multi-viewpoints. As shown in the review, the powers of XML have led to a large number of XML-based markup languages founded on various scenarios and applications, which have resulted in the problem of information interoperability when considered for future usage. 2) There are two basic types of markup methods: 'in-line' and 'stand-off'. The 'in-line' method can be easily implemented using a text editor or a simple scripting language, and therefore it has been widely adopted, especially in document management. However, with high requirements to support multi-viewpoints and the introduction of 3D annotation, 'stand-off' method starts to show its potential. Although some technical issues like persistent references and maintenance of changes, have not yet been adequately solved, which hinders its applications in industry.
3) It is inspiring to see that annotations have played a key role in product development. The work on information retrieval comes not only from the engineering community, but also from computer science and IT industry. The current achievements encourage researchers to think about extending the application from document to 3D models and multimedia. Compared with document retrieval, the researches on 3D annotation started a little later, but the latest results, such as exploration of 'stand-off' annotation on 3D models, integration with PLM requirements and datasets, and applications in collaboration environment, have already shown their considerable impacts for industrial solutions. In addition, it can be seen that the 3D annotation is still an active area of research recently. The work on design methodology has just started. Therefore, results are still limited, but the potential for the future work is warranted. Some further research questions have already been identified: for example, how to integrate annotation techniques with current CAE supporting tools, how to combine the techniques with traditional design process and rationale capture tools, etc. In summary, the techniques of annotation and markup have been quickly developed as a result of the advances of digital technology. The review has shown that the advantages of annotation and markup have been recognized by both academics and industry, and therefore a number of applications have been proposed for engineering design. The exciting outputs provide confidence of researchers that further potential benefits can be achieved in engineering design, though some of technique issues still need to be addressed (will be discussed in the next section).
Future research directions
For more extensive applications in industry, more in-depth work on annotations is necessary. The following describes suggested directions that the authors believe further work needs to focus on: 1) Persistent identification of geometry: The issue of the persistent identification of geometry, also called the 'persistent naming problem', was raised by Mun and Han [74] . The initial focus of the problem was how to identify the surviving entities of a pre-edit B-rep in the post-edit B-rep. Now, the persistent identification of geometry is becoming a key obstacle in translating annotations references between various 3D models formats, for example, how can annotations be shared among the users of the native CAD models and the users of the derived lightweight versions? To explore a solution, an experiment using UGS NX3 and Adobe Acrobat 3D 8.1 has been carried out [75] . The results show that the face labels in the original CAD model did survive during its translation to PRC format in PDF, meaning that all the faces of the product model could be persistently identified; it is therefore possible, at least in principle, that features based on a specific viewpoint could be constructed as combinations of the faces of the model. Correspondingly, if an original CAD model remains constant, the annotations could also survive within both the CAD model and the lightweight formats. Although the results are inspiring, there is a risk that the linkage between the CAD model and the annotation may be lost when the entity referred to is deleted in the CAD model. Obviously, an intensive exploration on the representations of 3D models and 3D annotation techniques needs to be carried out between academics, standards community and commercial industry. 2) Semi-automatic/automatic information capture tools: Most applications of annotation are still user-intervention-based. That is, it needs manual input. If the users forget to update their changes or neglect to retrieve the information to annotate, the annotation systems cannot work well and some of important information will be lost. Thus, dedicated information capture tools is worth exploring to support semi-automatic or automatic annotations. Some efforts on automatic information capture are being carried out by both academics and software industry. For example, the Simulation Process Studio (SPS) with UGS NX 3 Simulation [76] provides a palette of standard steps for users to drag and drop into the process with connecting lines defining the flow. The steps can then be saved as an XML file and made available to the standard Unigraphics NX application. Obviously, the results are still limited and more efforts are needed. 3) Enhancement of support for development methodology: As reviewed, recently, more and more researchers are transferring their attention to directly support design methodology, but the outputs of the work are still not enough. Further fundamental researches are required, including how to use annotation to help the capture of the design process, retrieval of rationale behind, and support of CAE tools. This would highlight that the work could be more meaningful if it integrates with latest design methodology and changes of working way (e.g. distributed cooperation). The latest work performed by Ding et al. [77] presented a general component-based approach to making records of transactional for design activities. In the proposed method, the activities are individually recorded in XML-based format, which can be assembled, tailored and transformed in different ways by XSL/XSLT. Therefore, it shifts design records to design reuse.
